



































































































































HELPFUL HINT

If S to the nearest 1 in’ is sufficient accuracy, then
corresponding accuracy in metric is:

1 in® x [MT = 16 387 mm’
1 1n.

see Jowa DOT Handbook pg. 7 for general recommendation
For example

Rounding S =10 676 x 10> mm® to S = 10 700 x 10°* mm? would imply
an equivalent accuracy in in’ of:

24 x 10° mm? x [ﬁ_r - 15 in®
4 mm
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Loads and Moments for Interior Beam Line: 4

Non-Composite DL:

Deck: 2.7 m x 200 mm x 24 kN/m?
=2.7mx0.2 m x 24 kN/m?
=12.96 kN/m

Beam + Diaph: (Assume Diaph: 15 kg/m)'
=201 kg/m + 15 kg/m =216 kg/m
To convert to (force/length) units, multiply by acceleration of

gravity
=216 kg/m x 9.806 m/sec’ =2118 N/m
=2.12 KN/m
Composite DL:
3
Rail: 0.229 m _ x 24 kKN/m? x 2 rails/5 beams
m length of rail =220 KN/m

FWS: 960 Pa x 12.0 m/5 beams = 960 N/m? x 12.0 m/5 =2304 N/m
=2.30kN/m

DL Mom. (non comp.) = 1/8 x (12.96 + 2.12) kN/m x (16.5)* m?
- =513.2kN-m

DL Mom. (comp.) = 1/8 x (2.20 +2.30) KN/m x (16.5)> m* =153.1 kN -m
LL+IMom.=1.28x1.611x(474.06) kN-m =977.6 KN-m.
where:

LL Dist. Factor = —2-/
1.676

sec. 1.3.1)

= 1.611 wheel lines per beam (AASHTO 1977,



If a formula you need is not available in Metric,
make a soft conversion.

LL Distribution Factor = 3

where S is measured in ft
1ft=0.3048 m
S(in m)

~S(inft)= 03048

S

D.F= where S is measured in m.
0.3048 x 5.5
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fBF=M/S=(

43
Note: 1.682 U.S. Customary vs. 1.611 Metric (4.4% difference)

o 1524 _ 1524

—028 (AASHTO Sec. 3.8.2, Appendix E
L+38  16.5+38 ( ppendix E)

L = 948'122 KN'M _ 474.06 KN‘m (AASHTO Appendix A 1977)

6.894 76 MPa
ksi

Use 185 MPa

F, =27 ksix( )= 186.2 MPa

513.2 KkNm . 153.1 kNm N 977.6 kN‘m
7200 x 10° mm? 9651 x 10° mm? 10 676 x 10° mm?

10° mm?3
x —————————
1 m3
= 178.7 x 10° kKN/m? = 178.7 MN/m?

= 178.7 MPa < 185 MPa

~ O.K.

6.894 76 MPa
1 ksi

Note: 26.8 ksi x ( ) = 184.8 MPa (3.4% difference)



LOAD FACTOR DESIGN: MAX. MOMENT CHECK ONLY 44

Check for compact section:

2D '
AASHTO [10.50.1.1.2] =2 < 1597 gq. 10-93

w y

Plastic N.A. position:

' 2
C.. = 0.85x0.187 m x 2.244 m x 24 MPa x (l%{ﬂ-] = 8.56 MN
a

(Disregard slab reinforcement)

1 MN/m?
MPa

= 8.83 MN>8.56 MN=C,,,

Coeann = 345MPax( ]x25 600 x 10° m* = 8.83 MN

- Plastic N.A. is below compression flange - using plastic stress
block N.A. located 1 mm below top of top flange (D, = 1 mm) and Eq.
10-93 is satisfied.

D, =187 mm+1mm
= 188 mm

P

Check eqn. 10-128a:

d+t
D - 188 mm< " 5 *h 903 +187 +25_,.00m
P 75 75

(Check not satisfied)

Check maximum stress in flange:

fm-; _ M _ 1.3 x 513.2 kNm R 1.3 x 153.1 kNm .
S 7200 x 10°° m? 9651 x 10°* m?

1.3 x 1.67 x 977.6 kNm
10 676 x 10 m3




=92 661 KN/m?> + 20 623 kN/m? + 198 798 KN/m?
=312 082 KN/m? = 312 MN/m?
=312 MPa < F, =345 MPa

~» O.K. and AASHTO Eqn. 10-128a does not need to be checked

6.894 76 MPa
ksi

Note: 46.8 ksi x { ] = 322.7 MPa (3.4% difference)

M, =M, = Mom. at first yielding

L + I Mom. Capacity = (f, - f;, - f51,) (S.)
MN/m 2

= (345 MPa - 92.6 MPa - 20.6 Mpa) x x 10 676 x 10° m*

=2474.7 kKN'm
M, =2474.7 KN'm + (513.2 KN'm + 153.1 kN'm) 1.3 = 3340.9 kN-m
M= 1.3 (513.2 kN'm + 153.1 kN'm + (1.67)(977.6 kN- m))

=2988.6 kN'm <3340.9 kN'm ok
1.355 82

Note: 2286 k-ft x ( ) =3099.4 kN-m (3.7% difference)
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Problem 2: U.S. Customary: Continuous Three-Span Bridge

Required:

Maximum moment @ Pier and @ 0.4 point of Span 1 of interior beam

line.

HS-20 Loading

Constant I

Beam spacing = 7.401 ft

Span lengths: L, = 68.625 ft
L,=87175ft

Total length =S =225 ft

Uniform DL = 1.0 kip/ft

Solution:
Impact: 1= >0
L+125
@ Pier: 1= 50 = 0.246
[68.625 : 87.75) . 15
2
' : 50
0.4 pointof Span 1; I= =(.258
@04p P 68.625 + 125
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0414

L

S =225 ft

1 1
I-LL1=68 ft - 7 in. L= 87 ft- 9in. | L1=68ft-77in:1

POSITIONS OF SECTIONS ALONG THE BRIDGE LENGTH

@
| |
JAN i A yAN 2\



Moment at Pier on Beam Line:

¢ Uniform DL Moment:

M, = 1.0 k/ft x (0.005545 S* + 0.008332 S? - 0.00155 S?)

where S =225 f
M, =-624.1 k-ft
* HS20 Loading, LL Mom:
LANE:

M, =064 Kf 7'54‘5’1 (0.005545 + 0.008332)(225 fi)

2

= -302.5 k-ft

M =18k, 7'54‘5” (0.02788 + 0.03448)(225 fi)

2
= -169.9 k-ft

Mlane = Mumfonn + Mconcentrated =- 472.4 k'ﬁ

Place truck in Span 2 at high pt. of IFL

_ 7.401
k55

([3221‘ x (0.03448 + 0.030038)

+ [_855 X 0.029104] ) X 225 ft = -347.8 k-t

49
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LANE CONTROLS 51
- Total DL and LL moment @ Pier = - 624.1 + ( - 472.4) (1.246)
= 1213 k-ft

Moment @ 0.4 point of Span 1 on Beam Line:

e Uniform DL Moment:
M, = 1.0 k/ft x (0.00893 - 0.00329 + 0.000612) (225 ft)
=+ 316.5 k-ft

e HS20 Loading, LL Mom:

LANE:

M, = 0'642 ket o 7'54(5’1 (0.00893 + 0.000612)(225 f1)?
C+2080kft

M= 182 K x 7'5421 (0.06320) (225 f) = + 172.2 k-ft

Mlane = Muniform + Mconcentmted =+380.2k-ft -
TRUCK:

Place truck in Span 1 at high point of IFL

= 7'5‘“5" 32k 4 006320 + 0.03733) + 3K

x 225 ft=523.1 k-ft

x 0.0298

truck



TRUCK CONTROLS
- Total DL and LL. moment @ 0.4 point of Span 1 =+ 316.5 + 523.1 x

1.258 =974.6 k-f
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Problem 2: Metric: Continuous Three-Span Bridge

Required:

Maximum moment @ Pier and @ 0.4 point of Span 1 of interior beam

line.
HS-20 Loading (MS 18 AASHTO 1977 Sec. 1.2.5)
Constant I

=2.256m

Beam spacing =7401 fix ( 0.3048 m)

Use 2.2m Iowa DOT Handbook pg. 11

=)

Span lengths: L, =68.625 ft x =20.917m

Use 20.9 m Iowa DOT Handbook pg. 10a

( 0.3048 m m) =26.746 m

L,=87.75ftx
Use 26.7m

Total length = S = 225 ft x =68.58 m

( 0.3048 m)
Use 68.6 m
Check for ripple effect:

Total length=2x209m+26.7m= 68.5m = 68.6 m
(0.1 m difference)



- Center-span length is adjusted. 54

L,=267+0.1=268m

14.5939 kN/m
1 kip/ft

Uniform DL = 1.0 kip/ft x ( ) = 14.6 kN/m

Solution:

15.24

Impact: 1=
L+38

15.24

@ Pier: 1=
20.9 + 26.8
+ 38

=0.246

2

15.24

0.4 pointof Span1;: 1=
@04p P 209 + 38

=0.259

Moment at Pier on Beam Line:

e Uniform DL Moment:

M, = 146 kKN/m x (0.005545 S2? + 0.008332 S2 - 0.00155 S?)
where S = 68.6 m

MDL =- 847.0 I(N' m

1.355 82 kKNm
1 k-ft

Note: 624.1 k-ft x ( ) = 846.2 kKN- m (0.1% difference)

e MSI18 Loading, LL Mom:
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F——-! |
/S ' yaN AN 2\
L1=20.9m + Lr=26.8m + L{=209m 'I

-
l_ S = 68.6 m |

POSITIONS OF SECTIONS ALONG THE BRIDGE LENGTH



LANE: 56

M, =24 KNm 22 4005545 +0.008332)(68.6my
2 1.676
= -402.9KN-m
M. = 8°2kN X 1.26'2/6 (0.02788 + 0.03448)(68.6 m)
= _2246kN-m

Mlane = Munifonn + Meoncentrated =- 6275 kN m
1.355 82

Note: 472.4 k-ft x ( ) = 640.5 kKN- m (2.1% difference)
TRUCK: |

Place truck in Span 2 at high pt. of IFL
2.2 ( [ 144 kN

truck

= x (0.03448 + 0.030038)
1.676

4+ |36 KN

X 0.029104] ) X 68.6 m=-465.5kN-m

1.355 82 kKNm
1 k-f

Note: 347.8 k-ft x ( ) = 471.6 kN- m (1.3% difference)

LANE CONTROLS

- Total DL and LL moment @ Pier = - 847.0 + ( - 627.5)(1.246) =
-1628.9kN-m



NOTE

The MS 18 vehicle dimensions are exact soft values of HS 20 vehicle

dimension. Therefore, IFL ordinates will be the same as used for HS
20 vehicle.

14 fi x [M] = 4267mvs.4267m
6 fi x [-2048 m = 1.829mvs. 1.830m
1f
However, vehicle loads are not exact soft values.
32 kips x | 1448 22 kN = 1423 KN vs. 144 kN
1 kip
114.5939 KN/m |
640 k/ft x | 220239 XNM | _ ¢ 3 kN/m vs. 9.4 KN/m
K/ft
18 kips x | 1:448 22 KN = 80.1 kN vs. 80 kN
1 kip
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. . | 58
Note: 1213 k-ft x( 1.355 lsi ;N m) =1644.6 kN - m (1.0% difference)

Moment @ 0.4 point of Span 1 on Beam Line:
e Uniform DL Moment:
Mg, = 14.6 kN/m x (0.00893 - 0.00329 + 0.000612) (68.6 m)?

=+429.6 kN- m

1.355 82 kN ' m
1 k-ft

Note: 316.5 k-ft x( ) =+ 429.1 kN - m (0.1% difference)

» MSI18 Loading, LL Mom:

LANE:

9.4 kN/m 2.2
Muniform - X
2 1.676
=+277.0kN-m

80 kN 2.2
ncentrated = X ——=— (0.06320) (68.6 m)=+227.6 KN- m
Meoncenrmes = = 1676 ( ) ( )

Mlan; = Muniform + Mconcentrated =+ 504.6 kN- m
1.355§ 82 kN ' m
1 k-ft

(0.00893 + 0.000612)(68.6 m)*

Note: 380.2 k-ft x ( ) =515.5 kN - m (2.2% difference)

TRUCK:

Place truck in Span 1 at high point of IFL
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x 0.0298

truck

=22 |14 KN . 406320 + 0.03733) + 36 KN
1676 | 2

X 68.6 m=+700.1 KN-m

1.355 82 kKN ' m
1 k-ft

Note: 523.1 k-ft x
difference)

) =+709.2 kN- m (1.3%

TRUCK CONTROLS
= Total DL and LL moment @ 0.4 point of Span 1 =+429.6

+700.1 x1.259=1311.0 kN-m

1.355 82 kN ‘ m
1 k-f

Note: 974.6 k-ft x( ) =1321.4 kN- m (0.8% difference)



THINK IN METRIC

In the future, no need to convert any of the following values:

F, =345 MPa
f' =24 MPa

Density of concrete = 24 kN/m’
FWS = 960 MPa

Get these values from the
Iowa DOT Handbook right away.

60



- 61
Problem 3: U.S. Customary: Reinforced Concrete Compression
Member

Required:

Check the stresses in reinforced concrete compression member under the
effects of axial load only and combined axial load and moment.

f'.=3.5ksi

F, (reinforcement) = 60 ksi
Column size = 12 in. x 12 in.
Reinforcement: 4 - #8 bars
Concrete cover = 2.0 in.
Lateral ties

K % <34-(12M,/M,,)

- the column is non-slender and minimum Ioad eccentricities are not
applicable. (AASHTO 8.16.5.2.4)

Load Case A: Axial Load Only
Factored axial load = 340 Kips
Load Case B: Axial load + flexure

Factored axial load = 300 kips



4 # 8

]

J
.

COLUMN CROSS-SECTION

2 in.

1 1in.

6 in.

-

1 in.

g

2 1n.
)

12 in.




Facto-.red moment about x-axis = 40 ft-kips 63
Solution:
Case A: P, =340 kips
¢P, = $(0.80) [0.85 £, (A, - A,) + (A XE)] (AASHTO 8.16.4.1.2b)
where P, = nominal axial load strength of the sec¥ion.
A,=12in. x 12 in. = 144 in®
A, =4x0.79 in*=3.16 in?
¢ P,=0.70 x 0.80 x [0.85 x 3.5 ksi x (144 in? - 3.16 in?)

+ 60 ksi x 3.16 in*] = 340.8 kips > P, = 340 kips

=~ OK

Case B: P, =300 kips, M, = 40 ft-kips

¢P, = 340.8 kips (from Case A).

A - A/ £ 4’ '
Check if ( — __*|>085p,| = 87,000
bd £ d)| 87,000 - £

(AASHTO 8.16.3.4.1 Eq. 8-24)

A,=A'=2x0.79in*=1.58 in’



bd
which is less than that required by (AASTHO Eq. 8-24)

=0, 64

=~ Use Eq. 8-16 for My
$M, = ¢[Af, (d-a/2)] (AASHTO 8.16.3.2.1. Eq. 8-16)

where a is the depth of the equivalent rectaﬁgular stress block

A &R in2 .
£ 18t x60ksi  _,essin
0.85 £b 0.85 x 3.5 ksi x 12 mn.

a=

d =12 in. - 2 in. (cover) - 1 2m =9.5i1n.

d'=2in.+—17m4=2.5in.

¢M,,=o.9x1.58in2x60ksix(9.5 in. - -2—65-25—11) X (ﬁ—)

= 58.1 k-ft

&P, = $P /0.8 = = 426 kips

340.8 kips
0.8

where P, is the nominal axial load strength of the section at zero
eccentricity

P, = $[0.85 f'b 3, + A, f', - Af,] (AASHTO 8.16.4.2.3. Eq. 8-32)

where a, = depth of equivalent rectangular stress block for balanced
strain conditions

HE BE N Iy S A B A e
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) 87,000
= 2 = 65
a ( 87.000 + fy) B.,d where B, =0.85

(AASHTO 8.16.4.2.3. Eq. 8-34)

_ 87,000
87,000 + 60,000 psi

£ = 87,000 [1 _ (d_') (87’000 . ﬁ/”
d 87,000

(AASHTO 8.16.4.2.3. Eq. 8-35)

) x0.85x9.5in. =4.779 in.

. 87.000 [ ( ] ( 87,000 + 60,000 psi)l

in. ) \ 87,000

9

in

= 48,316 psi < 60,000 psi

¢$P,=0.7 [0.85 x 3.5 ksi x 12 in. x 4.779 in. + 1.58 in? x 48.32 ksi
- 1.58 in® x 60 ksi] = 106.5 kips

oM, = $[0.85f' b a, (d -d" - a,/2) + A, ', “(d -d' -d") + A, f,d"]
(AASHTO 8.16.4.2.3. Eq. 8-33)

d" = distance from centroid of gross section, neglecting the
reinforcement, to centroid of tension reinforcement

=6-2-1/2=35in.



&M, = 0.7 [0.85 x 3.5 ksi x 12 in. x 4.779 in. x

(9.5 in. - 3.5 in. - 477; in-) +1.58 in x 48.32 ksi x

12 in.

(9.5 in. - 2.5 in. - 3.5 in.) + 1.58 in® x 60 ksi x 3.5 in.] x ( 14

=70.9 k-ft

|
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&P, = 426*
AN
400 - \‘t\ ¢P_ = 341%
NN [
L — — £
ﬁ,M (340k, 0 k-\ﬁ)\ «  PM@E00k 40k-R)
300 - N
N N
P N N
(kips) N AN
Soo N\
200 N
<\
~ \
N\ ¢p, ¢M, (106.5 k, 70.9 k-f)
100 - D,
/
//
oM, =S8 k-ft /
] | ya 1
0 20 40 60 80
$M (kip-ft)

To obtain an accurate plot of the interaction diagram, "PCACOL" program is used.



02/19/95 PCACOL(tm)V2.30 Proprietary Software of PORTI *ND CEMENT 2 ' N. Parj2 2

14:40:40 Licensed to: Iowa State University, Ames, Iowa

General Information:

File Name: A:\PCAl.COL
Project:

Column:

Engineer:

Run Option: Investigation
Run Axis: X-axis

Material Properties:

f’c = 3.5 ksi

Ec = 3586.62 ksi
fc = 2.975 ksi
eu = 0.003 in/in

Stress Profile: Block

68

Code: ACI 318-89
Units: US in-lbs
Date: 02/12/95 Time: 15:46:30

Short (nonslender) column
Column Type: Structural

fy = 60 ksi
Es = 29000 ksi
erup = 0 in/in

Betal = 0.85

Geometry:
Rectangular: Width = 12 in Depth = 12 in
Gross section area, Ag = 144 in*2
Ix = 1728 in*4 ) Xo = 0 in
Iy = 1728 in*4 Yo = 0 in
Reinforcement:
Rebar Database: ASTM
Size Diam Area Size Diam Area Size Diam Area
3 0.38 0.11 4 0.50 0.20 5 0.63 0.31
6 0.75 0.44 7 0.88 0.60 8 1.00 0.79
9 1.13 1.00 10 1.27 1.27 11 1.41 1.56
14 1.69 2.25 18 2.26 4.00

Confinement: Tied; phi(c)

phi(b) = 0.9, a = 0.8

#3 ties with #10 bars, #4 with larger bars.

Layout: Rectangular
Pattern: All Sides Equal

[Cover to longitudinal reinforcement]

Total steel area, As = 3.16 in”2 at 2.19%

4-#8 Cover = 2 in



02/19/95 PCACOL(tm)V2.30 Proprietary Software of PORTLAND CEME’ T ASSN. Pag:

14:40:41 Licensed to: Iowa State University, Ames, Iowa

Computed/
Applied
Ray length

P
Pt. (kips)
1 340
2 300

Applied Loads Computed Strength
Mx P Mx
(ft-k) (kips) (ft-k)
0 341 -0
40 305 42

Program completed as requested!

69
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PCACOL V2.30

Both cases of loading
are inside the interaction
diagram

-~ OK

¢ ! /
| i \
| P + yd ‘
/' 12.0 x 12.0 inch n x fs=0
1
o _— )
| f£'c = 3.5 ksi ; :‘ ! 7 fs=0.5fy e
| fy = 60.0 ksi p | T pd
y = . Sl | s — ’ . // \,
Confinement: Tied i._,.;_,/.i;—/ . . . /)1 l
clr cover = 2.00 in ' /,/’ 7'0
spacing = 6.00 in - _ /// Mnx (ft-k)
4-#8 at 2.19% : -
As 3 in*2 ///
3 - /
, i ///
Ix = 1728 in"4 ; ! 7
Iy = 1728 in*4 : 471
Xo = 0.00 in -
Yo = 0.00 in
(c) 1993 PCA , .
Licensed To: Iowa State University, Ames, Iowa l
File name: A:\PCAl.COL l
Project: Material Properties:
Column Id: Ec = 3587 ksi eu = 0.003 in/in I
Engineer: fc = 2.97 ksi Es = 29000 ksi
Date: 02/12/95 Time: 15:46:30 Betal = 0.85 i
Code: ACI 318-89 Stress Profile: Block .
Units: in-1b phi(c) = 0.70, phi(b) = 0.90
X-axis slenderness is not considered. :



: 71
Problem 3: Metric: Reinforced Concrete Compression Member

Required:

Check the stresses in reinforced concrete compression member under the
effects of axial load only and combined axial load and moment.

f'.=3.5ksi Use 24 MPa
F, (reinforcement) = 60 ksi Use 400 MPa
Column size = 12 in. x 12 in. Use 300 mm x 300 mm

Reinforcement: 4 - #8 bars

Area=4x0.79 in?=3.16 in?

Foe=3.16 in? x 60 ksi = 189.6 kips x | 2248 22 KN} _ 943 41y
1 kip
Area of equivalent metric bars = 0.8434 MN
400 MPa

= 0.002 108 m*> = 2108 mm?
4 #25M bars: 4 x 500 mm? = 2000 mm? (Difference: - 5%)
4 #30M bars: 4 x 700 mm? = 2800 mm? (Difference + 33%)
Try 4 #25M
1 m.

Concrete cover = 2.0 in. x ( 254—mm) = 50.8 mm

Use 50 mm



4 # 25 M

-5
"1 50 mm
-
@ o _1:25 mm
Y
———l— X 150 mm
- & C ) JL25 mm
50 mm
Y
l l 150 mm ‘ ‘ 50
. 300 mm

COLUMN CROSS-SECTION

300 mm
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Lateral ties 73

K -':'- <34 -(12M,yMy,)

.. the column is non-slender and minimum load eccentricities are not
applicable. (AASHTO 8.16.5.2.4)

Loading:

Case A: Axial Load Only

Factored axial load = 340 kips x ( 4.448 132 kN) = 1512 kN
p
Case B: Axial load + flexure:
P, = 300 kips x | 2448 22 KN | _ 1334 1N
1 kip
M, = 40 fikips x | 1325 82 KN | _ 54 1o
1 ft-kip

Solution:

Case A: P,=1512kN,M, =0

&P, = $(0.80) [0.85 ', (A, - A) + (AXE)]
(AASHTO 8.16.4.1.2b)
Ag=0.3mx0.3 m=0.09 m?

A, =4 x 500 = 2000 mm? = 0.002 m?



& P, =0.70 x 0.80 x [0.85 x 24 MPa x (0.09 m” - 0.002 m?)
+ 400 MPa x 0.002 m?] = 1.453 MN = 1453 kN <P, = 1512 kN
=~ not O.K.
- Either increase the column dimensions or steel area.
Use Column 0.35 m x 0.30 m
$P. =0.70 x 0.80 x [0.85 x 24 Mpa x (0.35m x 0.3m - 0.002 m*) + 400
MPa x 0.002 m?] = 1.625 MN = 1625 kN > P, = 1512 kN
Case B: P,=1334 kN, M, =54 kN'm

¢P, = 1453 kN (from Case A).

A - A £
Check if | ——"*[>0.85p,| = 599.843
bd £ d)| 599.843 - f

(AASHTO 8.16.3.4.1 eq. 8-24)

A, =A'=2x500x 10° m*>=0.001 m?

Al —A!/
—* _*|=0,
bd
which is less than that required by (AASTHO Eq. 8-24)

- Use Eq. 8-16 for My,
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U.S. Customary Metric Difference
%
A, 144 in* = 92 903 mm? 90 000 mm? -3.1%
A, 3.16 in* = 2039 mm? 2000 mm? -1.9%
f, 60 ksi =413.7 MPa 400 Mpa -3.3%

f' 3.5 ksi=24.1 MPa 24 MPa -0.5%
¢P, 340.8 kips = 1516 kN 1453 kN -4.2%

¢P,=1.002 P, ¢P,=0.961 P,

O.X. not O.K.




¢M, = (b[Asfy (d-a/2)] (AASHTO 8.16.3.2.1. Eq. 8-16)

Af _ 0001 m?x 400 MPa
0.85 t;’b 0.85 x 24 MPa x 0.30 m

a:

=(.0654 m = 65.4 mm

d =350 mm - 50 mm (cover) - 25 zmm =287.5 mm

25 mm

d’ = 50 mm + = 62.5 mm

$M, = 0.9 [0.001 m* x 400 MPa x (0.2875 m -

= 0.092 MN-m= 92kN'm

1625 kN

¢P,= ¢P /0.8 = =2031 kN

¢P, = ¢[0.85f'ba,+ A/ f- Af]

(
599.843
= d, =0.85
% | 599.843 + t;) Py y P,

a - [ 599.843
| 599.843 + 400

(AASHTO 8.16.4.2.3. Eq. 8-34) (AASHTO App. E)

, (d/) (599.843 ; t;)]
1 d 599.843

f' = 599.843

0.0654 m)

) x 0.85 x 287.5 mm = 146.6 mm

77
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AASHTO FORMULA NOT AVAILABLE IN

APPENDIX E
! (in i 87,000 in psi
£, (in psi) = 87,000 |1 - | 4 (in inch) +fGnp ))‘
d (in inch) 87,000

1 psi=6.894 76 kPa = 6.894 76 x 10° MPa
1 MPa = 145.038 psi

f, (measured in psi) = 145.038 f, (measured in MPa)

1in.=25.4 mm

d (measured in inch) = d (measured in mm)

254
.. 145.038 £',(in MPa) = 87,000 x

[1 ] ( d’ (in mm)/25_4) (87,000 + 145038 £, (in MPa))]

d (in mm)/25.4 87,000
¢ — 87,000 |, d’| [ 87.000/145.038 + f
*  145.038 d 87,000/145.038
d’| [ 599.843 + f
=599.843 |1 - | = y
d 599.843
where £, f', are in MPa

d, d' are in mm




(AASHTO 8.16.4.2.3. Eq. 8-35) 79

_ 599.843 |1- 62.5 mm 599.843 + 400 MPa
287.5 mm 599.843

= 382 MPa <400 MPa=f,
P, =0.7 [0.85 x 24 MPa x 0.30 m x 0.1466 m + 0.001 m?
x 382 MPa - 0.001 m? x 400 MPa] = 0.615 MN = 615 kN
oM, = $[0.85 £', ba, (d -d" - 8,/2) + A", f', (d -d' -d") + A,£,d"]
d" =175 - 50 - 325 =112.5 mm
$M, = 0.7 [0.85 x 24 MPa x 0.30 m x 0.1466 m x

( 0.1466 m
2

Lo.2875 m - 0.1125 m - +0.001 m? x 382 MPa x

(0.2875m - 0.0625 m - 0.1125 m) + 0.001m? x 400 MPa x 0.1125 m] =

0.1254 MN-m= 1254 kN-m
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First Trial 80

Column: 300 mm x 300 mm

General Information:

File Name: A:\PCA1M.COL

Project: Code: ACI 318-89

Column: : Units: [SI Metric |

Engineer: Date: 02/12/95 Time: 15:46:30
Run Option: Investigation Short (nonslender) column

Run Axis: X-axis Column Type: Structural

Material Properties:

f’c  =[24 MPa] fy = [400 MPa
Ec = 24768 MPa Es = 199955 MPa
fc = 20.4 MPa erup = 0 mm/mm
eu = 0.003 mm/mm
Stress Profile: Block Betal = 0.85
Geometry:
Rectangular: Width = Depth =
Gross section area, Ag = 90000 mm~2
Ix = 6.75e+008 mm*4 Xo = 0 mm
Iy = 6.75e+008 mm~4 Yo = 0 mm
Reinforcement: )
Rebar Database: ASTM
Size Diam Area Size Diam Area Size Diam Area
10 11 100 15 16 200 20 20 300
25 25 500 30 30 700 35 36 1000

45 44 1500 55 56 2500

Confinement: Tied; phi(c) = 0.7, phi(b) = 0.9, a = 0.8
N-10 ties with N-30 bars, N-10 with larger bars.

Layout: Rectangular
Pattern: All Sides Equal [Cover to longitudinal reinforcement]

Total steel area, [As = 2000 mm~2|at 2.22%

Cover =
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Computed/
Applied
Ray length

Applied Loads Computed Strength
P Mx P Mx
Pt. (kN) (kKN-m) (kN) (kN-m)
il 1512 0 1453 0
2 1335 54 1297 54

Program completed as requested!

0.961
0.971] <10
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Loading cases (1) & (2) are
both outside the interaction
diagram

300 x 300 mm i P

P P

fre = 24 MPa i

| fy = 400 MPa

! confinement: Tied : ‘ /’;w

\ .. Design needs to !
- be changed.

i clr cover = 50 mm
spacing = 150 mm

4 N-25 at 2.22% i
2000 mm*2 '

l

!AS

IXx = 6.750e+008 mm*4
Iy = 6.750e+008 mm*4 i -

Xo = 0 mm - -

Yo = 0 mm
€' 1993 PCA

Licensed To: Iowa State University, Ames, Iowa

File name: A:\PCA1lM.COL
Project:

Column Id:

Engineer:

Date: 02/12/95 Time: 15:46:30
Code: ACI 318-89

Units: Metric

X-axis slenderness is not considered.

fc = 20.40 MPa Es = 199955 MPa
Betal = 0.85
Stress Profile: Block

phi(c) = 0.70, phi(b) = 0.90

Material Properties:
Ec = 24768 MPa eu = 0.003 mm/mm
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New design (2nd trial) 83
General Information: Column: 300 mm x 350 mm
File Name: A:\PCA2M.COL
Project: Code: ACI 318-89
Colunn: fUnits: SI Metric]
Engineer: Date: 02/12/95 Time: 15:46:30
Run Option: Investigation Short (nonslender) column
Run Axis: X-axis Column Type: Structural
Material Properties:
|f’c = 24 MPa| Ify = 400 MPa|
Ec = 24768 MPa Es = 199955 MPa
fc = 20.4 MPa erup = 0 mm/mm
eu = 0.003 mm/mm
Stress Profile: Block Betal = 0.85
Geometry:
11 r *
Rectangular: |Width = 300 mm | [Depth = 350 mm H
Gross section area, Ag = 105000 mm*2
Ix = 1.07188e+009 mm"4 Xo = 0 mm
Iy = 7.875e+008 mm"4 Yo = 0 mm
Rebar Database: ASTM
Size Diam Area Size Diam Area Size Diam Area
10 11 100 15 16 200 20 20 300
25 25 500 30 30 700 35 36 1000
45 44 1500 55 56 2500

Confinement: Tied; phi(c)

= 0.7, phi(b) = 0.9, a = 0.8
N-10 ties with N-30 bars, N-1

. 7
0 with larger bars.

Layout: Rectangular
Pattern: All Sides Equal [Cover to longitudinal reinforcement]}

Total steel area, [As = 2000 mm~2] at 1.90%

[4N=25 Cover = 50 mm |

i Reinforcement:
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84
Applied Loads Computed Strength Computed/
P Mx P Mx Applied
Pt. (kN) (kKN-m) (kN) (KN-m) Ray length
1l 1512 0o 1625 ] 1.075 >1.0
2 1335 54 1540 64 1.153 ’

Program completed as requested!
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e

300 ¥ 350 mm

S T,

>

f’c = 24 MPa

2x

fy = 400 MPa

Confinement: Tied

! LS N |

clr cover = 50 mm
spacing = 150 mm
4 N-25 at 1.90%

As = 2000 mm~2

1.072e+009 mm*4
7.875e+008 mm~4

Ix
Iy
Xo =

Yo = 0 mm
© 1993 PCA

0 mm | -

7 ié4
Mnx (kN-m)

Licensed To: Iowa State

University, Ames, Iowa

File name: A:\PCA2M.COL
Project:
Column Id:
Engineer:
Date: 02/12/95 Time: 15:46:30
Code: ACI 318-89

Units: Metric

X-axis slenderness is not considered.

Material Properties:

Ec = 24768 MPa eu = 0.003 mnm/mm
fc = 20.40 MPa Es = 199955 MPa
Betal = 0.85

Stress Profile: Block

phi(c) = 0.70, phi(b) = 0.90
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End of Problem 3




Problem 4: U.S. Customary: Concrete Footing on Piles

Required:

Check footing on piles for shear and moment.
Piles: HP 10x42,each 37 T
Equivalent square column 2.66 ft x 2.66 ft
All bars Grade 60
Reinforcement: 18 - #7 bars
Soil cover = 1.577 ft
Concrete density = 150 pcf
Soil density = 120 pcf
Solution:

Beam Shear:

Check shear on Sec. X"-X" @ a distance (d) from the face of the
equivalent square column

dy=421in. - 6in, - 2872 M 35564
d,.=42in. -6 in. - 0.875 in. =35.13 in.
Total pile load =3 x 37 T x ( 21k1'£s) = 222 kips

87
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According to AASHTO 4.4.11.3.2, the fraction of the pile loads to
be considered on Sec X"-X" is to be computed as follows:

d, = depth of H-pile section = 9.75 in.
d/2=4.875 in.

Distance between center of H-piles and Sec X"-X" =

1.707 ft x (%L) - 18 in. = 2.48 in.

_ (1.00) x (248 + 4.875) in.
9.75 in.

Load fraction to be considered
=(0.754
V=0.754x220k-1.707 ft x 10 ft x

(3.5 ftx 0.15 k/ft’ + 1.577 ft x 0.12 k/ft}) = 153.7 kips

\Y ' 153.7 k

%4 10 ft x ( 12 g) x 35.56 in.

A\

=0.036 ksi < 0.9 /f/ = 0.9 /3500 psi = 53 psi=0.053 ksi
(AASHTO 8.15.5.6.4¢) » OK.

Beam Shear about Y"-Y":

Similar procedure

89



90
Two-Way Shear:
Shear plane perimeter = b, = 35.13 m. X 1 ﬁ + 133 ft|x2x4
2 12 in.
=22135ft

Area outside shear plane = (12 x 10) fi? - (2 x 2.79 ft)* = 88.86 ft’

V=10x 74 k- 88.86 fi x (3.5 ft x 0.15 k/ft® + 1.577 ft x 0.12 k/ft’)

= 676.5k
v V. 676.5 k
bd o35 x[J2I] x 2007 8 x |12
1 1 fi
= 0.072 ksi
< 1.8 |/f/ = 1.8 /3500 psi = 106 psi = 0.106 ksi
(AASHTO 8.15.6.3. Eq. 8-13) - OK.
Flexural Check:

M., =74k [2x0.17 ft + 3 x 3.17 fi]

467* 12| _
-10 ftx (3.5 ftx0.15 K/ + 1.577 i x 0.12 K/fY’) x —5 =651.0 k-ft

Location of N.A.:

2 . -
B _ A @D
2n

A, = 18-#7 bars

18 x 0.6 in?>=10.8 in®

b = 10f=120in.
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. 120 in. (R

=10.8 in? (35.56 in. - X
20) ( X)

6.67 (X)> + 10.8 x - 384.05 = 0

-10.8 + (10.8)" - 4(6.67)(-384.05) _
2(6.67) '

X = 82 in.

_ 3
I=A@x?+ 13 2%
n

: .
= 10.8 in? (35.56 in. - 6.82 in.)? + 120 1n- X (6.82 mn.)

3x9
= 10331 in*
Check of Stresses:
651.0 k-fi x 2 y (3556 in. - 6.82 in)
g-Mc _
’ I 10331 in*
= 21.73 ksi < 24 ksi (allowable) - 0K
651.0 k-ft x ( 12 m') X 6.82 in.
£ - f
° 9 x 10331 in*
=(0.573 ksi < 1.4 ksi (allowable) -~ OK.

Flexural check about Y'-Y'

Similar procedure
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Problem 4: Metric: Concrete Footing on Piles 93

Required:
Check footing on piles for shear and moment.
Given:
Piles: HP 250x62, each 330 kN
Equivalent square column 800 mm x 800 mm
All bars Grade 400
Reinforcement: 24 #20M bars (+ 3% difference in area)
Soil cover =0.50 m
Concrete density = 24 kKN/m’
Soil density = 19 kN/m® (see Iowa DOT Handbook p. 10a)

Beam Shear:

Check shear on Sec. X"-X" @ a distance (d) from the face of the column

20 mm

d,,=1050 mm - 150 mm - = 890 mm
d,.. = 1050 mm - 150 mm - 20 mm = 880 mm

Total pile load = 3 x 330 kN =990 kN



Section for two-way shear
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According to AASHTO 4.4.11.3.2, the fraction of the pile loads to
be considered on Sec X"-X" is to be computed as follows:

d, = depth of H-pile section = 246 mm
d/2 =123 mm
Distance between center of H-piles and Sec X"-X" =510 - 450

= 60 mm

_ (1.00) x (60+123) mm
246 mm

Load fraction to be considered =(0.744

V=0.744 x990 kN -0.51 mx3.0mx

L m? m?

105mx24 — + 05 mx 19 J=683.5kN

V6835 kN

bd 3.0mx 0.8 m

=256 kPa < 0.075 /f/ = 0.075 /24 MPa = 0.367 MPa=
367 kPa
(AASHTO 8.15.5.6.4c & AASHTO App. E)

Beam Shear about Y"-Y":

Similar procedure
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IF YOU CANNOT REMEMBER
WHAT UNITS TO USE

Allowable shear stress = 0.075 \/E (S) 0.9 ‘/E’ (U.S. Customary)
where f', is measured in: ? psi

1st method: try an example:

Va =0.9 /3500 psi

- 53 psix ( 6.894 76 kPa)

1 psi
= 365 kPa

Pa: 0.075 /24x10¢ Pa =367 Pa

=0.367 kPa (incorrect)

kPa: 0.075 /24 000 kPa = 1800 kPa (incorrect)
MPa: 0.075 /24 MPa = 0.367 MPa = 367 kPa (correct)

. Use MPa

96




2nd Method: Convert the equation.

v,y (in psi) = 0.9 ‘/fc’ (in psi)

1 ksi = 6.894 76 MPa

1 MPa = 0.145 ksi = 145.0 psi

145 v,y (in MPa) = 0.9 /145 £/ (in MPa)

v, (in MPa) = 0'912/;‘_5 Jt (in MPa)

=0.075 /f/ (in MPa)

= Use MPa in this equation .
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Two-Way éhear: 98

Shear plane perimeter = b, = (400 + 440) mm x 2 x4

= 6720 mm =6.72 m
Area outside shear plane = (3.6 x 3.0) m? - (1.68)* m* = 7.98 m?
V=10x 330 kN - 7.98 m? x

105m x 24 N . 05m x 19 EN—) — 3023 kKN

m3 m?
Vv
v =
bd
3023 kN

= = 511 kPa
6.72 m x 0.88 m

< 0.149 /f' = 0.149 /24 MPa = 0.730 MPa = 730 kPa
(AASHTO 8.1.5.6.3. Eq. 8.13)
O.K.

Flexural Check:

M, = 330 kN [2 x 0.05 m + 3 x 0.95 m]

- 30m 1.05mx24§+0.5mx19k—N-)

m3 m?

, (14 my
2

= 871.5kN-m



Location of N.A.:

" _
5 _ A @D
2n

A, = 24 #20M bars
= 24 x 300 mm?

7200 mm?

b = 3.0m=3000 mm

3000 mm (x)

= 7200 mm? (890 mm - X)
2(9)

166.67 (X + 7200 x - 6 408 000= 0

—  -7200 7200) - 4(166.67)(-6 4
= _ + 1/(7200) ( X-6 08000)___176mm

2(166.67)

— 3
I=A@x+ 13 2
n

3000 mm x (176)° mm°

= 7200 mm? (890 - 176)* mm % +
2 3x 9

= 4276 x 10° mm*



Check of S.thses:

¢ - Mc _ 8715 kNm x (0.89-0.176) m
’ I 4276 x 10 m*

= 145 522 kPa = 146 MPa < 165 MPa (allow.)

~» OK.

871.5 kNm x 0.176 m

f =
° 9 x 4276 x 10 m*

= 3986 kPa =4.00 MPa < 9.65 MPa (allow.)

Flexural check about Y'-Y' is similar
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U.S. Customary Metric % Difference
Beam Shear
Load (V) |153.7k=683.7kN 683.5 kN 0.0%
Stress (v) |36 psi =248 kPa 256 kPa -3.1%
Two-way Shear
Load (V) |676.5 k=3009 kN 3023 kN -0.5% -
Stress (v) |72 psi =496 kPa 511 kPa -2.9%
Flexure

Moment (M) { 651.0 k-ft = 882.6 kKN-m | 871.5 kKN m 1.3%
Stress (f) |[21.73 ksi =150 MPa 146 MPa 2.7%
Stress (f.) ]0.573 ksi=3.95 MPa 4.0 MPa -1.2%




Basic Conversions:

Mass: 1 1b mass =0.4536 kg
Length: 1 ft =0.3048 m
Time: 1 second =1 second

g =9.806 m/s’

All other conversion factors can be derived from these.

Example:
1ksi= LKP _ 10 1B
in 2 in?
. 2
_p b (04536 kg) [ _1in
in? 11b 25.4 mm
= 07031 _X&_
mm ?

=703 100 kg X 9.806 % (to change from mass to force)
m? sec?

- 6.895x 10° N = 6.895 MPa

m2
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